A new expeditious method for the homo-conjugate addition of nitrogen heteroaromatics to 1,1-cyclopropanedicarboxylates was developed in the presence of La(OTf) 3 as an efficient Lewis acid catalyst under microwave irradiation.
The conjugate addition reactions of amine-nucleophiles including nitrogen heterocycles to α,β-unsaturated carbonyl compounds, so-called aza-Michael reactions, are a convenient way to prepare a pharmacologically important family of β-amino carbonyl compounds. 1 Recently, we found that reactions of this type could be efficiently promoted in water, even in the absence of catalysts, by applying a high-pressure technique. 2 In our continuing efforts to extend this methodology to other less common Michael acceptors, we have been very interested in the homo-conjugate addition of nitrogen heteroaromatics (Nheteroaromatics) to activated cyclopropanes.
Although the ring-opening reaction of activated cyclopropane derivatives with relatively strong nucleophiles is well-established, 3 the direct transformation using N-heteroaromatics as donor molecules still remains a challenging subject mainly due to their low nucleophilicity. 4 Our preliminary experiments to realize this strategy using uncatalyzed and high-pressure conditions were all unsuccessful. Gratifyingly, however, we found that microwave irradiation 5 provided an efficient and expeditious tool for achieving the desired cyclopropane ring-opening reactions with weakly nucleophilic Nheteroaromatics in the presence of an appropriate Lewis acid catalyst (Scheme 1). 6 We describe here the microwave-assisted homoconjugate addition of a variety of N-heteroaromatics 1 to cyclopropanedicarboxylates 2. 
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To optimize the reaction conditions, we examined the reaction of pyrazole (1a, 1.5 equiv) with diethyl 1,1-cyclopropanedicarboxylate (2a) in the presence of different Lewis acid catalysts under microwave irradiation. The results are summarized in Table 1 .
The results demonstrated that the use of classical Lewis acids such as FeCl 3 and ZnCl 2 did not catalyze the reaction (entries 2, 3, Table 1 ). On the other hand, in agreement with our previous observations, 9, 10 lanthanide triflates showed remarkable catalytic activities in terms of product yields (entries 4-9, Table 1 ). Thus, the best result was obtained when the reaction was conducted in the presence of 20 mol% of La(OTf) 3 in MeCN at 120 W and 100 °C for 10 min, and 3a was produced in 76% yield along with its pyrazolium salt 3b in 14% yield (entry 5, With these results in hand, we then sought to clarify the general scope of this method with various combinations of substrates, and the results are summarized in Table 2 .
The reaction of pyrazole (1a) with cyclopropanedicarboxylates 2b and 2c gave the corresponding adducts 3c and 3d in high yields, but the sterically crowded 2d reacted very slowly to give 3e in reduced yield (entries 1-3, Table 2 ). Consistent with the reported examples, the nucleophilic attack of 1a occurred exclusively at the moresubstituted carbon center vicinal to the diester moiety on the cyclopropane ring. 13 Importantly, in these examples the formation of pyrazolium salts could not be detected probably due to the steric hindrance around the nitrogen atom of a pyrazole ring in the adducts.
Interestingly, the reaction of imidazole (1b) and 2-methylimidazole (1c) with 2a or 2b gave the corresponding adducts 3f, 3h and 3j in good yields along with a considerable amount of their corresponding imidazolium salts 3g, 3i and 3k (entries 4-6, Table 2 ). When 1,2,4-triazole (1d) was reacted with 2a and 2b, the expected regioisomeric products 3l and 3m (or 3o and 3p) were obtained in good yields in an almost 1 : 1 ratio along with the corresponding triazolium salts 3n and 3q (entries 7, 8, Table 2 ). In a similar manner, benzimidazole (1e) and benzotriazole (1f) reacted smoothly with 2a to produce mixtures of 3r and 3s, and 3t and 3u, respectively, in good combined yields (entries 9, 10, Table 2 ).
The reaction of purine (1g) with 2a gave a mixture of N9-and N7-substituted regioisomers 3v and 3w in respective yields of 41 and 33%, along with a trace amount of N3 (or N1)-substituted 3x (entry 11, Table 2 ). 14 To confirm the ease of formation of ionic liquid-type salts during the cyclopropane ring-opening process, stepwise conversion was examined (Scheme 2). 15 Thus, treatment of pre-formed adduct 3a with 1 equiv of 2a in the presence of La(OTf) 3 (20 mol%) under the standard conditions (MeCN, 120 W, 10 min, 100 °C, 50 psi) gave 3b in 22% conversion (15% isolated) yield. This suggests that the in situ-generated zwitterionic intermediate should be protonated spontaneously during the work-up procedure. In conclusion, we have developed a novel method for the homo-conjugate addition of a variety of nitrogen heteroaromatics to activated cyclopropanes in the presence of La(OTf) 3 as an efficient Lewis acid catalyst under microwave irradiation. 16 This method will provide a new rapid method for preparing γ-amino carbonyl compounds, which are known to be important building blocks for natural products and synthetic drugs. 17 Further studies to extend the scope of this new method are now in progress in our laboratory. We also examined the reaction of the Na salt of 1a with 2a (1.2 equiv) in refluxing DMF for 12 h, but no product formation was observed. 7. Microwave irradiation was carried out in a Discovery microwave heating apparatus with a temperature controller. General procedure: A mixture of N-heteroaromatic 1 (1.5 mmol), cyclopropanedicarboxylate 2 (1.0 mmol) and La(OTf) 3 (0.2 mmol) in MeCN (ca. 2.0 mL) was placed in a microwave reaction vessel, and the mixture was allowed to react at 120 W, 100 °C and 50 psi for a period indicated in Tables 1 and 2 . After cooling to rt, the mixture was purified by silica gel column chromatography (elution with CH 2 Cl 2 -iPrOH) to afford the adduct 3 in some cases together with its salt. 8. All new compounds gave satisfactory spectral data. 
